The interaction of normal and malignant cells in culture has been the subject of considerable study. Much of this work has dealt with cells cultured on artificial substrata such as glass or plastic (e.g., 2, 4, 20, 21, 29, 32) , especially that work utilizing established cell lines and their virus-transformed counterparts. While the study of such established lines has greatly contributed to our knowledge of how growth and movement are controlled, the presence of a nonphysiological substratum may interfere with the application of this knowledge to in vivo situations, in particular, the study of adhesive interactions between normal and transformed cells in monolayer culture should be viewed with caution. Several workers have pointed out that in such situations the competition of celladhesions with cell-dish adhesions must be considered (6, 26, 33) rather than limiting the analysis to cell-to-cell adhesions. In order to avoid this particular complication, we have studied the interaction of virus-transformed and nontransformed cells cultured as cellular aggregates or masses, in which cells are maintained in suspension in agitated liquid medium. Our purpose was to compare the properties of a nontransformed: transformed: revertant family of cell lines and also to compare the properties of a number of lines that exhibit varying degrees of contact inhibition.
The property of cells in these aggregates that was examined in this study was their ability to sort out or self-segregate. When cells of two suitable tissue types are intermixed, they sort out with the cells of one type forming a sphere surrounding the cells of the second type. Sorting out has been demonstrated for embryonic tissues from a number of vertebrate species, including mouse (5, 13, 22) , chick (23, 28) , human (8) , and amphibian (31) . Steinberg (27, 28) has proposed that the equilibrium configuration achieved after sorting out is the result of quantitative differences in adhesiveness between the two cell types. Although universal agreement on all the details of this hypothesis is still lacking, it is generally accepted that sortingout behavior is a reflection of an adhesive interaction between the cells. For the purposes of discussion in this report, we will also tentatively consider that these adhesive interactions represent different strengths of intercellular adhesion.
MATERIALS AND METHODS

Chemicals and Radiochemicals
All chemicals were purchased from commercial sources and were either biological grade or else the highest grade available.
[Methyl-~H]thymidine was purchased from New England Nuclear (Boston, Mass.) or Amersham/Searle Corp. (Arlington Hts., I11.) and had a spec act of 18-20 Ci/mmol.
Growth of Cell Lines
The growth of mouse fibroblast BALB/c 3T3 (I) and SV40-transformed BALB/c 3T3 (designated SVT-2) (1), con A revertant (10, II, 12) , hamster NIL B (14) , and Swiss albino mice (Swiss 3T3) cells (1) has been described previously (18) . Cells were found to be free of Mycoplasma contamination by an autoradiographic assay (I 8, ! 1 ).
Cells were routinely subcultured using trypsin-(ethylenedinitrilo)tetraacetic acid (EDTAp solutions (0.05% Difco trypsin 1:250 (Difco Laboratories, Detroit, Mich.) and 0.5 mM EDTA). For experimental use, cells ' Abbreviations used in this paper." EDTA, (ethylenedinitrilo)tetraacetic acid; EGTA, [ethylenebis(oxyethylenenitrilo)]tetraacetic acid; and PBS, phosphate-buffered saline (Dulbecco's A solution).
were inoculated into 100-mm plastic culture dishes in 15-ml medium and grown as subconfluent cultures for 3-4 days (three to five generations). The medium was changed 24 h after plating and every 48 h thereafter. Cells were removed from the dishes with [ethylenebis-(oxyethylenenitrilo)]tetraacetic acid (EGTA) (0.5 mM in Ca++-Mg++-frer phosphate-buffered saline (Dulbecco's A solution) (PBS) and used either to inoculate dishes or to make aggregates. Thus, ceils used in these experiments were grown as subconfluent cultures (not more than 25% confluent) and were not harvested with trypsin. These cells reached the following densities if allowed to grow to saturation with daily changes of medium: BALB/c 3T3, 10 • 10' cells/cm=; SVT-2, 100 x 10' ceils/cmJ; con A, 20 Aggregates were formed by a technique previously reported (18) . Briefly, this involves mixing together 1.5 • 10 e cells of each type, centrifuging the suspension at low speed, and after a 1.5-h incubation period, cutting the pellet into cubical fragments about 0.4 mm on a side. The aggregates are cultured in hanging drops for 24 h and on a gyratory shaker for an additional 1.5-3.5 days.
Labeling of Ceils with [SH]Thymidine
Cells were radiolabeled by the addition of [SH]thymidine to the culture medium 3-4 days before the experiment. 24 h before the experiment, the radioactive medium was replaced by nonradioactive medium. If this chase period was omitted, the nonradioactive cells in the aggregates became radioactive within 1-2 days. This may have occurred by transfer of nucleotides between cells, since this process has already been suggested as a possible explanation for the contact-mediated "'metabolic co-operation" observed in culture (30) .
In early experiments cells were labeled by the addition of 2.6 ,Ci/ml [SH] thymidine to the medium. This concentration was reduced to 0. I ~aCi/ml for some of the experiments reported here. In each case in which the higher concentration was used the experiment was also repeated with the lower concentrations. No differences were found between these duplicate experiments. When 0.1 uCi/ml [SH]thymidine was added, however, total labeling per cell was decreased, and autoradiography was done by the method of Weingrad et al? Histology and autoradiography were performed as previously described
(18).
Determination of Plating Efficiency
EGTA-suspended cells were washed and either inoculated into dishes or formed into aggregates. The aggregates (pellet fragments) were cultured in hanging drops for one day and then in small vials on a gyratory shaker Weingrad, D., R. M. Sade, C. Haudenschild, and J. Foikman. Manuscript in preparation.
( 180-200 gyrations per min) for an additional 2 days. The cells inoculated into dishes were cultured in a 37 ~ C CO,-gassed incubator for the same 3 days.
After this period the aggregates and dishes were rinsed once in PBS and treated with trypsin (0.05% Difco 1:250 plus 0.5 mM EDTA) in PBS for 10 min at 37~ The single cell suspensions were counted and diluted into complete medium to the appropriate concentration. Cells were then seeded into 60-mm plastic dishes at 250, 500, or 1,000 cells per dish and cultured for 2 weeks, with changes of medium every 3-4 days. Colonies were counted after staining with Wright's solution.
In early experiments dish-maintained cells were inoculated at varying densities. In later experiments they were inoculated at the following densities, which were just sufficient to produce confluent cultures within 24 h: BALB/c 3T3, 1.8 • 106 cells/60-mm dish; SVT-2, 5 • 106 cells/60-mm dish; NIL B, 3 • 10 e ceUs/60-mm dish.
RESULTS
Plating Efficiency Experiments
In order to assess the viability of cells maintained as aggregates, the ability of these cells to form colonies relative to cells maintained as monolayers was studied. In one set of experiments, cells cultured as aggregates were compared to parallel cultures in which cells were maintained on dishes at low to moderate density. The results showed a moderate amount of variability, not only between cell lines but also between experiments with the same line. Relative plating efficiencies, i.e., plating efficiency of cells in aggregates divided by the plating efficiency of cells in dishes, varied from a low of 44% to a high of 100%. Absolute plating efficiencies varied from 10 to 40 colonies per I00 cells plated.
A second series of experiments was performed using some of these lines in which the cell density of monolayer cultures was very high and therefore more comparable to the cell density in aggregates. The cells were seeded into 60-mm dishes at a density just sufficient to produce confluent monolayers when the cells had attached and spread. These data are presented in Table I . Both the absolute and relative plating efficiencies observed ranged from a low of 14.3 to a high of 32.9 colonies per 100 cells plated. These experiments suggest that the viability of cells maintained in aggregates for 3 days is similar to their viability when maintained in a confluent state in dishes for a similar period of time. • 100.
Sorting Out of Mouse-Mouse
2"18 THE JOURNAL OF CELL BIOLOGY 9 VOLUME 68, 1976 A zero-time control was also performed for this and all subsequent experiments. In each case, aggregates fixed immediately after cutting were found to be random mixtures of the two cell types. sorting-out behavior were observed as this ratio was varied.
In another pair of experiments, BALB/c 3T3 cells taken from either subconfluent (as the experiments above) or confluent cultures sorted out internally to SVT-2 cells after 2. When SVT-2 cells were mixed with con A revertant cells (variants of SVT-2 which have regained contact inhibition of growth), no sorting out was observed. Aggregates fixed 2.5 days after seeding showed the same random mixture of labeled and unlabeled cells observed in aggregates fixed immediately after mixing. The criteria for lack of sorting out were the following: (a) examination of the outer four cell layers in the aggregate showed the same percentage of labeled versus unlabeled cells as in the aggregate interior; (b) the outermost layer of cells contained both labeled and unlabeled cells; and (c) no discernible clumping of either labeled or unlabeled cells was seen in the interior ("patchy sorting" as described by Wiseman [34] ).
When B A L B / c 3T3 cells and con A revertant cells were mixed together, sorting out was observed in two of three experiments, in these two cases a tendency for con A cells to be peripheral to B A L B / c 3T3 cells was observed, although sorting out was incomplete. One of these aggregate sections is shown in Figs. 3 a and b . The word "tendency" is used to mean that the distribution of labeled and unlabeled cells was not random; but neither was there a complete shell of con A cells Fig. 4 a, showing the location of the labeled NIL B nuclei (filled ovals) and the unlabeled BALB/c 3T3 nuclei (open ovals). Note that the cells are densely packed and that the aggregate profile is smooth and regular. The NIL B cells have sorted out into two populations, one internal to the unlabeled BALB/c 3T3 cells, and one external to the 3T3 cells. Sorting out is nearly complete in this aggregate, especially between the outer NIL B population and the BALB/c 3T3 cells. The cells at the surface of the aggregate appear to be packed somewhat more densely than the interior cells. This is a common feature of these aggregates which can also be seen in Fig. 1 .
Interpreted according to the differential adhesiveness hypothesis of Steinberg (28) , this means that SVT-2 cells are less adhesive than BALB/c 3T3 cells. This interpretation is consistent with the notion (first set forth by Coman [9] ) that malignant cells are less adhesive than their nonmalignant counterparts, and also with the concept of Carter (6, 7) that cells with decreased adhesiveness are more mobile. Increased mobility of SVT-2 cells compared to BALB/c 3T3 cells has been previously observed in aggregates by Gershman and Drumm (18) .
The results of sorting-out experiments between BALB/c 3T3, SVT-2, and con A revertant cells, if interpreted according to Steinberg's (28) hypothesis, suggest that these lines can be ranked in order of decreasing adhesiveness: BALB/c 3T3 > con A > SVT-2. The failure of con A cells to completely segregate from SVT-2 cells and their incomplete segregation from BALB/c 3T3 cells would then be seen as an indication that the differences in adhesiveness among these three lines is not very great, even between the extremes (BALB/c 3T3 and SVT-2). Between the intermediate cell type and one of the extremes, then, the differences are not great enough to permit clear sorting to occur during the 2.5-day culture period. It is also of interest that the three nontransformed contactinhibited cell lines (BALB/c 3T3, Swiss 3T3, and NIL B) as well as the contact-inhibited phenotypic revertant line (con A) examined in this study showed no consistent pattern of sorting out.
NIL B cells sort out into two populations when mixed with either BALB/c 3T3 or Swiss 3T3 cells. One population sorts internally to 3T3 cells, and one moves externally. A number of explanations for these two subpopulations of NIL B cells can be envisioned including: two genetically different sublines, two subpopulations frozen in different stages of the cell cycle, normal vs. altered or damaged cells, etc. Mixtures of NIL B cells with either SVT-2 cells or con A revertant cells showed modest or no sorting out. This probably indicates that NIL B, con A, and SVT-2 cells are very similar in their sorting-out properties. The failure to sort out, or incomplete sorting out, is typical of a number of the combinations studied here. On the other hand, cells of different embryonic tissues, either mouse, chick, amphibian, or human, invariably sort out from each other rapidly and completely. This suggests that cells of the lines studied here may be more similar to each other in their surface properties than are embryonic tissue cells.
On the basis of the data presented here, a tentative ranking can be established for these five cell lines according to sorting-out properties. Because certain combinations fail to sort out even after several days of culture, it is necessary to assume overlapping ranges of values. This may imply either that cells of these established lines are more heterogeneous with regard to sorting-out properties than embryonic tissue cells, or that their sorting-out properties are very similar. A tentative scheme presenting these data graphically is shown in Fig. 5 . It should be emphasized that because of the apparent similarity between these cells this figure is presented as a working hypothesis rather than a firm conclusion.
Cultured neoplastic cells have previously been examined in suspension culture, either alone, in co-culture with nonmalignant tissues (e.g., 15, 17, 19, 22, 24, 25) , or in related culture systems incorporating solid substrata (3, 16, 20, 35) . Moscona (22) 
